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Abstract 
 
Background: 
A heightened sensitivity to social rejection might contribute towards the interpersonal difficulties and symptoms that characterise Anorexia 
Nervosa (AN). This paper examines the effect of Cognitive Bias Modification for Interpretation biases (CBM-I) training on a negative 
interpretation bias for ambiguous social scenarios that involve the risk of rejection and eating behaviour.  
Method: 
Women with AN received a single session of CBM-I training to develop a more benign interpretational style or a control condition (which 
included 50:50 negative and benign resolutions). To measure participant’s interpretation bias for social stimuli, a sentence completion task was 
used pre and post-training (a near-transfer outcome measure). A test meal was given after the training and salivary cortisol (stress) levels were 
measured as far-transfer outcome measures.  
Results: 
CBM-I training led to a significant reduction in a negative interpretation bias in both conditions. No effect on eating behaviour or stress was 
found, which may be expected as the training conditions did not significantly differ in interpretation bias change. 
Limitations: 
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The control condition may have inadvertently reduced a negative interpretation bias as it involved listening to benign resolutions to ambiguous 
social scenarios for 50% of the trials.  
Conclusions: 
It is possible to modify a negative interpretation bias for social stimuli. To clarify the effect of CBM-I training on AN symptomatology, 
repeated, more intensive, and ecologically-valid training interventions may be required. This is because any change in eating behaviour may not 
be immediate, particularly in a population with a low body mass index and long-illness durations.  
 
Keywords: Anorexia nervosa, interpretation bias, cognitive bias modification, eating behaviour. 
 
 
1. Introduction 
 
A priority for the eating disorders field is to increase understanding of the mechanisms that underpin these mental illnesses. Experimental 
psychopathology studies might help to address this matter by indicating whether a range of cognitive, behavioural, social and neural processes 
have a causal role in symptomatology (Jansen, 2016). This endeavour may ultimately lead to the development of more precise and personalised 
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treatments, which has been highlighted as one of the top ten research agendas for eating disorders (see van Furth, van der Meer, & Cowan, 
2016).  
Theoretical models have suggested AN is associated with a range of interpersonal difficulties, including a heightened sensitivity towards social 
rejection. It is suggested that perceived/ actual social rejection might cause symptoms such as dietary restriction and weight-loss to develop as a 
maladaptive means of trying to improve self-worth and social acceptance, as well as to reduce negative affect. This is hypothesised to occur 
within the context of other risk and maintenance factors which may predispose individuals to be more attuned to social threats and vulnerable to 
eating disorder symptoms, such as an anxious and harm avoidant temperament, maladaptive emotion regulation skills, perfectionistic tendencies, 
and low core self-esteem that is unduly influenced by a person’s weight (e.g., Fairburn, Cooper, & Shafran, 2003; Marzola, Fassino, Amianto, & 
Abbate-Daga, 2017). These factors may increase intra- and inter- personal sensitivity and exacerbate eating disorder symptoms by further 
isolating the individual (Arcelus et al., 2013; Atlas, 2004; Goss, & Gilbert, 2002; Reiger et al., 2010; Treasure & Schmidt, 2013; Treasure, & 
Cardi, 2017). 
In support of interpersonal theories of AN, a recent study by Cardi et al. (submitted) found that early experiences of submissiveness in childhood 
and a fear of negative evaluation both significantly predict eating disorder symptoms in a sample of women with AN. Furthermore, experimental 
studies have confirmed that people with eating disorders have a heightened sensitivity to social rejection (Cardi, Di Matteo, Corfield, & 
Treasure, 2013; Cardi, Di Matteo, Gilbert, & Treasure, 2014). One cognitive mechanism that might underlie this sensitivity to rejection in AN 
could be a negative interpretation bias for ambiguous social stimuli that involve the risk of rejection. This bias been defined as a consistent 
tendency to resolve ambiguity in a negative manner (Hirsch, Meeten, Krahé, & Reeder, 2016). Indeed, Cardi et al. (2017) found that women 
with AN make more negative, and less benign, interpretations of ambiguous social scenarios that involve the risk for social rejection than 
healthy women. This negative bias was positively associated with a fear of weight gain and body dissatisfaction, as well as levels of depression 
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and anxiety. Having established that women with AN differ from healthy controls, the aim of this study was to determine the causal role of this 
bias in maintaining eating disorder psychopathology. This is because casual influences could not be drawn from the findings of Cardi et al. 
(2017) due to the cross-sectional design of the study. Instead, approaches that modify this negative interpretation bias for social stimuli are 
needed to further elucidate its role in AN psychopathology and the clinical potential of targeting this bias (Treasure, Cardi, Leppanen, & Turton, 
2015). 
Cognitive Bias Modification for Interpretation (CBM-I) biases is a computerised training task that aims to ameliorate a negative interpretation 
bias (e.g., Grey & Mathews, 2000; Mathews & Mackintosh, 2000). It typically involves listening to ambiguous scenarios that are resolved in a 
benign manner. Cardi et al. (2015) piloted a novel cognitive training approach for adult women with AN receiving inpatient care by combining 
CBM-I with an attention bias modification training task to target cognitive biases relating to social stimuli. Promisingly, five sessions of 
cognitive training was associated with a reduction in participant’s negative interpretation and attention biases for social stimuli (with medium 
effect sizes). There was a significant decrease in participant’s levels of self-reported anxiety (small effect size). Furthermore, they had increased 
levels of self-compassion in response to a video clip that involved receiving negative feedback from a supervisor (medium effect size).  
Given the encouraging finding that the effect of CBM-I transferred to a self-report measure of sensitivity to social rejection in AN (Cardi et al., 
2015), an interesting next step could be to examine whether facilitating a more benign interpretational style for social stimuli also has an 
influence on eating behaviour and a biological marker of interpersonal stress levels (salivary cortisol). The present study tests these hypotheses 
by comparing a single session of benign interpretation training to a control condition on ‘near-’ (i.e., bias change) and, if differential bias change 
is achieved, then the impact on ‘far-’ transfer (i.e., eating behaviour, salivary cortisol) outcome measures.  
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As previous research has focused on inpatients, it would also be of interest to examine the effect of CBM-I training for women from the 
community as well. This may be an important research gap because women in the community could potentially experience increased feelings of 
isolation in comparison to women in inpatient services who have continuous support from their treatment team and other service-users (e.g., 
Treasure, Crane, McKnight, Buchanan, & Wolfe, 2011). 
The aim of this study was to examine the impact of a single session of CBM-I training on interpretation biases for social stimuli that depict the 
risk of rejection and other AN related symptoms in both inpatient and community women. It was hypothesised that a 100% dose of CBM-I 
training (experimental condition) would produce a significantly greater change in participants’ interpretation bias than a 50% dose (control 
condition). This was considered a ‘near-transfer’ outcome for CBM-I training. The study also included exploratory ‘far-transfer’ outcomes (i.e., 
effects on anxiety, salivary cortisol and test meal consumption).  
 
2.  Methods 
 
2.1.1. Design  
 A within-subjects design was used, with participants completing a single session of an experimental and control version of CBM-I 
training. The different versions of the training were completed during two separate sessions, which were scheduled one week apart. To reduce 
order effects, an AB/BA crossover design was used with the random allocation of participants to either the experimental/ control condition first 
(e.g., Suresh, 2011).  
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2.1.2. Participants 
 A total of 55 women with AN were recruited. This included 26 adult women from inpatient eating disorder services (i.e., from the 
Bethlem Royal Hospital (N = 18), St Ann’s Hospital (N = 6) and Vincent Square’s Eating Disorders Service (N = 2)) and 29 adult women from 
the community. Participants were told that the study is, ‘looking to learn more about how people with AN relate to social scenarios’ and, 
‘computer brain training tasks in eating disorders’.  
Eligibility criteria for the study included: a diagnosis of AN based upon DSM-5 criteria (American Psychiatric Association, 2013), an age range 
between 18 and 65, no current substance abuse, no neurological condition, no acute suicidality and no severe co-morbidity, such as psychosis. 
Participants were screened using the Structured Clinical Interview for the Diagnostic and Statistical Manual of Mental Disorders – fifth edition 
(American Psychiatric Association, 2013). An NHS Research Ethics Committee gave approval for the study (reference number, 14/LO/2166). 
 
2.1.3. Materials  
2.1.3.1. Questionnaires 
Eating Disorders Examination Questionnaire (EDEQ) 
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 The EDEQ (Fairburn & Beglin, 1994) measures participants eating psychopathology based upon their cognitions and behaviour over the 
previous 28 days. It has four subscales: weight concerns, shape concerns, dietary restraint, and eating concerns and gives an overall total score. 
The EDEQ has been found to be both a reliable (Luce & Crowther, 1999) and valid measure (Mond et al., 2004). The Cronbach’s alpha for the 
weight concerns subscale = .8; shape concerns = .88; dietary restraint = .86; eating concerns = .8; total score = .95).  
Depression Anxiety Stress Scales (DASS-21) 
 This 21-item questionnaire was developed by Lovibond and Lovibond (1995) and assesses participants’ levels of depression, anxiety and 
stress during the past week. The measure has been reported to have good internal consistency and concurrent validity (Antony et al., 1998; 
Henry & Crawford, 2005). The Cronbach’s alpha for the depression subscale = .91; anxiety = .88; stress = .87; total score = .94.  
 
Adult Rejection Sensitivity-Questionnaire (ARS-Q) 
 The ARS-Q (Downey & Feldman, 1996) consists of nine scenarios that depict the risk for social rejection. For each scenario, participants 
are instructed to rate their levels of anxiety related to it and how likely they would expect to be rejected. The measure has been found to have 
satisfactory psychometric properties (Berenson et al., 2011). The Cronbach’s alpha for the total score = .82.  
Work and Social Adjustment Scale (WSAS) 
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 This five-item self-report measure was developed by Marks (1986) and can be used to assess the level of impairment an identified 
problem causes to work and social functioning. The WSAS has been reported to be both a reliable (Zahra et al., 2014) and valid psychometric 
measure (Mundt, Marks, & Shear, 2002). The Cronbach’s alpha for the total score = .86.  
 
2.1.3.2. Computer tasks 
Sentence completion task  
This task was adapted from Cardi et al., (2015), Hayes et al., (2010) and Huppert et al., (2007). Following a brief practice of the task 
participants completed 10 stem-sentences, which describe hypothetical ambiguous social scenarios that involve the potential for social rejection 
(e.g., “You message your close friend, it’s been four hours and they haven’t replied yet, you think that they are…”). The scenarios are presented 
on a computer screen and over headphones with the instruction to write down as many completions to the scenarios as possible. For each 
scenario participants are also asked to place an asterix alongside the completion that they believe would best complete the scenario. Two 
research assistants (S.D. and L.D.) rated responses on the sentence completion task as being negative or benign completions. The raters were 
blind to the treatment allocation of the participants. There was high inter-rater reliability for their ratings (Cohen’s kappa = .86). A third 
independent researcher (J.L.) resolved any discrepancies in their ratings.  
 
CBM-I training  
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 This cognitive training task was modified from Hirsch et al., (2009) and Cardi et al., (2015). Participants were instructed to listen over 
headphones to socially ambiguous scenarios that depict the risk of social rejection until the final word, which then resolves the scenario with 
either a negative, or benign completion (e.g., “it is the night before your first day at a new job and you do not know many people within the 
company. When you arrive in the morning you think that you will be… welcomed”). This was then followed by a comprehension question, 
which reinforced the completion to the ambiguous scenario (e.g., do think that your new colleagues will be pleased to meet you?), which has 
either a ‘yes’ or ‘no’ response (i.e., the letters ‘Q’ or ‘P’ on the keyboard respectively). A ‘correct’ or ‘incorrect’ feedback message and sound 
was given onscreen and over the headphones for 1000ms.  
In the experimental condition, participants were presented with 90 ambiguous social scenarios that always had a benign completion and a 
comprehension question that reinforced this. Participants were also presented during the task with 10 test ambiguous social scenarios that did not 
have any resolution but were followed by a ‘yes’ or ‘no’ question. These ‘catch trials’ were used to assess participant’s interpretational style 
during the course of the training. In the control condition, a similar procedure was used with the only difference being that half of the 90 
ambiguous social scenarios had a negative completion with the other half having a benign resolution (45 of the trials).  
 
2.1.3.3. Visual Analogue Scales (VASs)   
 A self-report questionnaire using VASs (i.e., 10cm long) was used to determine participant’s state levels of hunger (at baseline only; 
anchored by “not hungry at all” and “extremely hungry”), anxiety (anchored by “not anxious at all” and “extremely anxious”), and mood 
(anchored by “extremely low” and “extremely high”).  
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2.1.3.4. Salivary cortisol levels 
           Saliva samples were collected using Salivettes’® (Sarstedt). These were analysed for their cortisol concentration by the Biochemistry 
department at King’s College London. This was to provide an objective measure of participants stress levels following the CBM-I training. 
Community women were all scheduled to take part at 11am and inpatients were scheduled to take part in the study at 3.30pm. 
 
2.1.3.5. Filler task 
The speed of comprehension test  
 Following the training participants completed the speed of comprehension test (Baddeley, Emslie & Nimmo-Smith, 1992) as a filler task 
to lower the chance of group differences in mood influencing the test meal. The use of the filler task is in line with the protocols of previous 
CBM-I research (e.g., Hayes et al., 2010).  
 
2.1.3.6. Eating behaviour 
Test meal: the smoothie challenge task 
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 A choice of three smoothie drinks were presented to participants as purchased in the bottle (250ml each). The smoothie drink flavours 
were: ‘kiwi, apples and lime’, ‘mangoes and passion fruits’ and ‘strawberries and bananas’. Participants were asked to choose one of the 
smoothies and were then asked to drink as much as they felt able and comfortable to during a five-minute period. The amount of smoothie 
consumed was measured.  
  
2.1.4. Procedure 
 Participants completed a set of baseline questionnaires prior to taking part in the study using www.surveymonkey.net. This included a 
demographics questionnaire, the EDEQ, DASS-21, ARS-Q and WSAS. Participants were informed that they should consume something to eat 
1.5/2hours prior to the study and to then not eat anything until the time of the study, though drinking water was fine before both sessions.  
The testing took place at the inpatient sites or at King’s College London. At the beginning of the first session participant’s completed the 
sentence completion task on a laptop with the task programmed on E-Prime, version two. This was followed by a baseline set of VASs and a 
saliva sample (time point one: T1) and either the experimental/ control version of the CBM-I training on the laptop depending on which 
condition they were randomly allocated to for the first session. After the training, participants completed the VASs and gave a saliva sample 
again (time point two: T2) and the sentence completion task post-training to assess participants interpretational style. A different set of 
ambiguous stem sentences were presented post-training. The filler task was then given to participants, followed by the smoothie challenge task. 
For inpatients the smoothie was in place of their afternoon snack on the ward. Participants then completed the final set of VASs and gave a 
saliva sample (time point three: T3). Please see supplementary item 1 for additional information on the study’s design.  
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In the second session, a similar procedure to the first session was completed with participants doing a different version of the CBM-I training, 
depending on what they did in the first session (i.e., either the experimental/ control condition). A different set of ambiguous scenarios were also 
used in the sentence completion task in the second session. Please see figure 1. for an overview of the studies procedure.  
 
 
2.1.5. Statistical analyses 
A mixed effects linear model (bootstrapped at 500 repetitions) using Stata version 14
® 
(StataCorp, 2015) and the mepoisson command 
was used to analyse the frequency of negative and benign ‘best’ responses on the sentence completion task (i.e., the ending that participants 
thought would best resolve the ambiguous scenario). The predictors included in the model were patient group (i.e., inpatient or community 
women with AN), training condition (i.e., experimental or control CBM-I), time point (i.e., pre or post CBM-I training) and interpretation 
valence (i.e., negative or benign).  
A series of mixed effects linear models (bootstrapped at 1000 repetitions) were performed to investigate the CBM-I training task data, VAS 
responses, stress levels as measured salivary cortisol levels and smoothie challenge task data. As the study used a repeated measures design, 
effect sizes were calculated as Standardised Mean Change (SMC) scores (e.g., Morris & DeShon, 2002) for the primary outcome measures (i.e., 
the catch trials, sentence completion task and test meal). SMC effect sizes were calculated for each training condition and are understood as 
small (=> .2), moderate (=> .5) and large (=> .8). 
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3. Results  
3.1. Participant characteristics 
 Please see table 1. for an overview of the demographic and clinical characteristics of the women with AN.  Also, almost half (N = 24) 
had comorbidity with anxiety disorder or depression and (N = 26) were taking antidepressant medications at the time of the study. The 
community women with AN were significantly older than the inpatients with AN, and had longer illness durations and greater levels of eating 
disorder psychopathology (i.e., on the EDEQ restraint, eating concern and total scales). Participants’ baseline levels of hunger, anxiety and mood 
did not significantly differ between the experimental and control conditions (all p > .05).  
 
 
3.2. CBM-I training task data 
3.2.1. Accuracy on the comprehension trials 
 Accuracy levels on the comprehension trials were analysed using a 2x2 mixed effects linear model (i.e., patient group x training 
condition) which showed a significant main effect of patient group (X
2
(1) = 11.63, p = .0006) and training condition (X
2
(1) = 4.22, p = .04).  
Pairwise comparisons showed that the inpatient women with AN were significantly more accurate on the comprehension trials (M = 82.46, SD = 
8.68) than the community women with AN (M = 76.21, SD = 16.06; Z = 3.41, p = .001). Also, participants were significantly more accurate in 
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the experimental (M = 81.37, SD = 13.88) versus control condition (M = 77.05, SD = 12.62) on the comprehension trials (Z = 2.05, p = .04). 
There was no significant interaction between patient group and training condition (X
2
(1) = .04, p = .837)
2.   
 
3.2.2. Catch trial responses 
           A 2x2 mixed effects linear model (i.e., patient group x training condition) did not find a significant main effect of patient group (X
2
(1) = 
.55, p = .46) or training condition (X
2
(1) = .79, p = .374) or interaction between these predictors (X
2
(1) = .19, p = .66) on the number of benign 
responses made on the catch trials (experimental condition M = 6.13, SD = 2.04, control condition M = 5.83, SD = 1.91; SMC effect size: 
negligible to small = .14).  
 
 
3.3. ‘Near-transfer’ outcome measures 
3.3.1. Sentence completion task (‘Best’ interpretations) 
                                                             
2 A total of 28 participants (N = 15 inpatients and N = 13 community women) had accuracy scores over 90% on the comprehension trials in both 
the experimental and control conditions. For this group of participants, post-training there were trends for participants to make less negative (Z = 
-1.94, p = .052) and more benign interpretations (Z = 1.73, p = .084) than pre training in both conditions. There were no significant differences 
between conditions in the catch trial responses or test meal consumption (p > .05).  
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 A 2x2x2x2 mixed effects linear model (i.e., patient group x training condition x time point x valence) showed there was a significant 
interaction between patient group and valence for the frequency of ‘best’ interpretations (X2(1) = 32.36, p < .001). Subsequent pairwise 
comparisons showed that the community women with AN made significantly more negative ‘best’ interpretations (M = 5.76, SD = 2.66) than the 
inpatient women with AN (M = 4.15, SD = 2.54; Z = 4.14, p < .0001). They also made less benign ‘best’ interpretations (M = 4.15, SD = 2.62) 
than the inpatient women with AN (M = 5.66, SD = 2.56; Z = -4.12, p < .0001).  
There were no significant main effects or interactions involving training condition (all p > .05) (please see supplementary item 2. for the 
individual test results). This suggests that the experimental and control conditions did not significantly differ in terms of interpretation bias 
change. Instead, there was evidence that both conditions reduced interpretation bias. This was indicated by a significant interaction between time 
point and valence (X
2
(1) = 19.76, p < .001). In both conditions participants made significantly less negative ‘best’ interpretations post-training 
(M = 4.4, SD = 2.66) than pre (M = 5.6, SD = 2.65; Z = -2.89, p = .004). They also made more benign ‘best’ interpretations post-training (M = 
5.4, SD = 2.64) than pre training (M = 4.33, SD = 2.65; Z = 3.02, p = .003).  
To help aid the development of future studies effect sizes were calculated for the change in interpretation bias. A moderate to large effect size 
was found in the experimental condition for the reduction in a negative interpretation bias (SMC effect size = -.66) versus a small to moderate 
effect size in the control condition (SMC effect size = -.42). Please see table 2. for the means and effect sizes per training condition and patient 
group. 
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3.3.2. Visual analogue scales  
3.3.2.1. Anxiety ratings 
         A 2x2x2 mixed effects linear model (i.e., patient group x training condition x time point) showed that there was a significant main effect of 
time point on participants anxiety ratings (X
2
(2) = 21.01, p < .001). Pairwise comparisons showed that in both conditions there was no significant 
difference in anxiety ratings between pre (T1) (M = 4.63, SD = 2.71) and post (T2) training (M = 4.82, SD = 2.51; Z = .77, p = .441). Anxiety 
ratings post smoothie challenge task (T3) (M = 5.72, SD = 2.78) were significantly greater than at T2 (Z = 3.79, p < .0001) and T1 (Z = 4.25, p < 
.0001). There was no significant main effect of patient group (X
2
(1) = 3.69, p = .0549), training condition (X
2
(1) = .44, p = .508), or interactions 
between these predictors (all p > .05).   
 
3.3.2.2. Mood ratings 
         A 2x2x2 mixed effects linear model (i.e., patient group x training condition x time point) showed that there was a significant main effect of 
time point on participants mood ratings (X
2
(2) = 11.52, p = .0032). Pairwise comparisons showed that in both conditions mood ratings were 
significantly lower (i.e., participants felt more down) post training (T2) (M = 3.76, SD = 2.02) than pre training (T1) (M = 4.23, SD = 1.82; Z = -
2.83, p = .005). Mood ratings post smoothie challenge task (T3) (M = 3.65, SD = 2.22) were significantly lower than T1 (Z = -3.13, p = .002). 
There was no significant difference between T3 and T2 (Z = -.66, p = .51). There was no significant main effect of patient group (X
2
(1) = .07, p 
= .7933), training condition (X
2
(1) = 1.14, p = .287), or interactions between these predictors (all p > .05).   
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3.4. ‘Far-transfer’ outcome measures 
There were no significant differences between training conditions on the interpretation bias near transfer task. Given this, one would not 
anticipate any significant differences on the far transfer measures since the key mechanism was not differentially changed. The results below are 
reported for completeness. 
 
 
  
3.4.1. Test meal: Smoothie consumption  
          A 2x2 mixed effects linear model (i.e., patient group x training condition) showed that there were no significant mains effect of patient 
group (X
2
(1) = 1.6, p = .2057) or training condition (X
2
(1) = .02, p = .8814)  or interaction between these predictors (X
2
(1) = .3, p = .58)  on 
smoothie consumption (measured in milliliters) (experimental condition: M = 68.65, SD = 90.65, control condition: M = 67.47, SD = 87.17; 
SMC effect size: negligible = .02).  
 
 
3.4.2. Salivary cortisol levels 
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             A 2x2x3 mixed effects linear model (i.e., patient group x training condition x time point) showed that there was a significant main effect 
of patient group (X
2
(1) = 152.65, p < .0001). Post-hoc pairwise comparisons showed that the community women had higher levels of salivary 
cortisol (M = 7.58, SD = 4.76) than the inpatient women with AN (M = 5.13, SD = 2.26; Z = 12.36, p < .0001). This finding is to be expected as 
the community women with AN were tested in the morning when cortisol levels are naturally higher. There was no significant main effect of 
training condition (X
2
(1) = 1.46, p = .23), time point (X
2
(2) = 2.34, p = .31), or interactions between these predictors (all p > .05). Please see 
supplementary item 3. for the means per training condition. 
 
4. Discussion 
 
This study hypothesised that a 100% dose of CBM-I training (experimental condition) would produce a significantly greater change in 
participants’ interpretation bias for ambiguous social stimuli that depict the risk of rejection in comparison to a 50% dose (control condition). 
The study also included exploratory hypotheses (i.e., there would be effects of the training on anxiety, salivary cortisol and test meal 
consumption). The study found that participants made significantly less negative and more benign ‘best’ (endorsed) interpretations after both 
training conditions. Given that the experimental and control conditions did not significantly differ in terms of the reduction in interpretation bias 
for social stimuli, one would not expect differential effects on far transfer to ‘symptoms’. In keeping with this, there were no significant 
differential effects on anxiety, eating behaviour or stress (salivary cortisol levels) after a single session of training.  
The findings of this study suggest that it may be possible to modify a negative interpretation bias for social stimuli in AN using both a 100% 
(experimental condition) and 50% dose (control condition) of CBM-I training. An exploratory analysis of effect sizes indicated that there was 
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some evidence for a greater reduction in negative interpretation bias in the experimental versus control condition (experimental condition SMC 
effect size = -.66, versus control condition SMC effect size = -.42). A possible explanation for the reduction in a negative interpretation bias for 
social stimuli in both training conditions might be that the control condition also included benign resolutions for half of the CBM-I trials (50%). 
This lower dose of the training in the “control” condition may have been sufficient to modify participant’s interpretational style. The effect of 
both training conditions is also potentially evidenced by participants giving benign responses to more than half of the catch trials in both training 
conditions (experimental M = 6.13, control M = 5.83). 
Anxiety levels did not decrease from pre to immediately post CBM-I training in either condition, in keeping with other single session CBM-I 
research (e.g. Hirsch et al 2009; Hayes at al 2010) where the intention is to modify interpretations temporarily and then determine its impact of 
subsequent stress tests. Multi-session CBM research often examines longer term changes in anxiety and indeed Cardi et al. (2015) found that 
anxiety levels reduced following six sessions of experimental CBM-I. Hence, multiple sessions of CBM-I training is needed to reduce anxiety in 
individuals with AN. Unexpectedly, the present study found that participant’s mood was lower (i.e., they felt more down) following both CBM-I 
training conditions, perhaps due to participant fatigue. This effect was not found by Cardi et al. (2015), which used shorter training sessions (i.e., 
18 CBM-I training trials per session).  
Another noteworthy finding from this study was that overall the community women with AN had a significantly greater negative interpretation 
bias for social stimuli than the inpatient women with AN. This could be due to their longer illness durations and higher levels of eating disorder 
psychopathology. However, this finding could also be due to sampling bias. For example, people in the community with heightened social 
sensitivity/ isolation being particularly interested in taking part in the study due to its focus on social difficulties. Furthermore, the community 
women with AN were significantly older than the inpatient with AN, perhaps reflecting the increased rates of inpatient hospital admissions for 
young adults with AN in England (Holland, Hall, Yeates, & Goldacre, 2016). Therefore, it is unknown whether a younger population in the 
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community with a more recent illness onset would also have an increased negative interpretation bias for social stimuli in comparison to 
inpatient women with matched clinical characteristics.  
A limitation of this study is that inpatient and community participants were tested at different times for pragmatic reasons. Also, the test meal 
procedure did not involve social ambiguity, meaning that it may be regarded as quite a considerable far-transfer outcome measure for a single 
session of CBM-I training. Particularly given that the population recruited in the present study had a low body mass index (M = 15.4) and long-
illness durations (M = 10.9 years), meaning that a single session CBM-I training may not produce an immediate effect on core symptoms such as 
eating behaviour. A question for future endeavours could be to clarify the boundary of any training effect, by using far- transfer outcome 
measures that are more aligned with the primary aim of the training (reducing sensitivity to social rejection in situations that are open to multiple 
interpretations). For example, the Cyberball task is a novel paradigm that can be used to test people’s reactions to either social inclusion or 
rejection (participants are either included or excluded from a computerised ball-throwing game) (Williams, Cheung & Choi, 2000). This task 
may be more closely related to the primary aim of CBM-I training (to reduce rejection sensitivity) than the test meal procedure used in the 
present study. 
 
4.1.  Future research directions 
 
In order to produce larger effects on interpretation bias and other AN related symptoms multiple training sessions as used in the case 
series by Cardi et al. (2015), are probably needed. Particularly, as people with AN show decreased learning from feedback in both the acute state 
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and after weight restoration (Foerde & Steinglass, 2017). This may explain why participant’s accuracy scores on the comprehension trials were 
lower than those previously reported in other populations (e.g., Hayes et al. (2010) reported that people with generalised anxiety disorder were 
accurate on 92.5% of the comprehension trials in the active condition). To test this hypothesis, it may have been beneficial to include a separate 
non-eating disorder group who have equally high levels of sensitivity to social rejection to examine whether they are more accurate on the 
comprehension trials than people with eating disorders.  
Krahé, Mathews, Whyte, & Hirsch (2016) have recently developed a novel control condition for CBM-I research, that may be considered more 
‘neutral’ than the one used in the present study. This involves CBM-I trials keeping their neutrality entirely, instead of being given a negative or 
benign meaning (e.g., “You add a new colleague at work on a social networking website but it’s been several hours and they haven’t approved 
your request yet. Thinking about it that evening, you wonder whether they will accept your friend request”). This approach has been shown to be 
effective in a multi-session training study for people with affective disorders (i.e., the control differs from active CBM in terms of change in bias 
and outcome of emotion) (Hirsch et al., submitted). Therefore, it may be beneficial for future research to also use this control condition in eating 
disorders.  
The present study focused on a negative interpretation bias in response to social situations that involve the risk of rejection. In future research it 
might be of benefit to further examine the factors that either increase vulnerability/ protect from having a negative interpretation bias for social 
stimuli and increased sensitivity to social rejection. In emotional disorders (Hirsch, Clark, & Mathews, 2006; also see Everaert, Koster, & 
Derakshan, 2012 specific to depression) it has been hypothesised that a range of information processing biases relating to interpretation, 
attention, mental imagery, cognitive control and memory, may interplay with one another rather than acting in isolation to maintain distress. 
Therefore, future research may seek to examine whether several cognitive biases combine together and increase vulnerability for sensitivity to 
social rejection and eating disorder symptoms. Furthermore, it may also be interesting to examine whether there is an association between a 
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negative interpretation bias for social stimuli with other clinical characteristics and personality traits. This research could also include a group of 
people that have recovered from AN to investigate whether a negative interpretation bias for social stimuli remains once people are no longer 
symptomatic. Furthermore, it would be interesting to know whether the extent to which those in recovery still have a negative interpretation bias 
for social stimuli predicts later relapse. 
A recent study by De Paoli, Fuller-Tyszkiewicz, Halliwell, Puccio and Krug (2017) found that appearance-based rejection sensitivity mediates 
the relationship between insecure attachment styles and disordered eating in an eating disorder sample (AN, bulimia nervosa and binge eating 
disorder). Given that previous research has also suggested an association between negative interpretation bias and body dissatisfaction (Cardi et 
al., 2017), it would be of interest to adapt CBM-I training materials to also target appearance-based rejection sensitivity in future research.  
 
4.2. Implications 
 
 CBM-I training primarily targets ‘automatic’ thought processes, whereas traditional talking therapies are more focused on ‘reflective’ 
processes. Given this, future work could test whether using CBM-I alongside therapeutic interventions such as cognitive behavioural or 
interpersonal psychotherapy has additive effects. For instance, with the support of a therapist goal-setting approaches may help patients to 
translate their learning from CBM-I into ‘real life’ situations. To make the CBM-I training more engaging, one possibility is to have shorter 
training sessions. Another approach could be to also use alternate interpretation training paradigms such as homograph training, which involves 
repeatedly pairing homographs (e.g., row) with non-threat (e.g., a boat) as opposed to threat related (e.g., argument with a friend) words (see 
Hirsch et al., 2016 for an overview). Finally, as this study suggested that community women with AN might have an increased negative 
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interpretation bias of social stimuli than inpatients, therapeutic approaches that may reduce sensitivity to social rejection, such as compassion 
focused treatments (Goss, & Allan, 2014) and CBM-I may be particularly warranted for this group of people. 
 
4.3. Conclusion  
 
 Following CBM-I women with AN made significantly less negative ‘best’ interpretations for ambiguous social stimuli that depict the risk 
of rejection after one session of both training conditions. There were negligible effects on other AN related symptoms (anxiety and eating 
behaviour), which may be expected given that the training conditions did not significantly differ in interpretation bias change. In future research 
multiple sessions of training and far-transfer outcome measures that are closer to the primary aim of the training (reducing sensitivity to social 
rejection in ambiguous situations) may be used to establish the boundary of the CBM-I training effect in AN and the clinical potential of 
modifying this bias.   
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Table 1. This shows the demographic and clinical characteristics for the women with AN. Abbreviations: BMI = Body Mass Index; 
EDEQ = Eating Disorders Examination Questionnaire; DASS = Depression Anxiety Stress Scale; WSAS = Work Social Adjustment Scale; 
ARS-Q = Adult Rejection Sensitivity-Questionnaire. 
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  Total sample (N = 55) Inpatient women (N = 26) Community (N = 29) Test statistic  
 
 
  Mean (SD) Mean (SD) Mean (SD) Significance 
 
 
Age 28.5 (10.7) 25.2 (8.5) 31.48 (11.8) t = -2.29, p = .026 
 
 
Years of education 16.5 (2.8) 15.7 (2.3) 17.1 (3) t = -1.84, p = .07 
 
 
BMI 15.4 (1.6) 15.1 (1.15) 15.8 (2) t = -1.55, p = .129 
 
 
Illness duration (years) 10.9 (9.1) 8 (7.8) 13.4 (9) t = -2.18, p = .034 
 
 
EDEQ - Restraint 3.2 (1.8) 2.5 (1.77) 3.9 (1.7) t = -2.97, p = .004 
 
 
EDEQ - Eating Concern 3.3 (1.6) 2.7 (1.5) 3.7 (1.5) t = -2.46, p = .017 
 
 
EDEQ - Weight concern 3.6 (1.6) 3.2 (1.6) 3.9 (1.5) t = -1.69, p = .097 
 
 
EDEQ - Shape concern 4.1 (1.4) 3.9 (1.5) 4.3 (1.4) t = 1.01, p = .316 
 
 
EDEQ - Total 3.5 (1.5) 3.1 (1.5) 4 (1.43) t = -2.23, p = .03 
 
 
DASS - Stress 24.1 (10.4) 22.7 (9.9) 25.4 (10.7) t = -.96, p = .342 
 
 
DASS - Depression 22.3 (11.4) 20.5 (10.5) 23.9 (12.2) t = -1.1, p = .28 
 
 
DASS - Anxiety 15.3 (11) 13.4 (9.2) 17.1 (12.2) t = -1.26, p = .212 
 
 
DASS - Total 61.8 (29.2) 56.6 (25.2) 66.4 (32) t = -1.25, p = .217 
 
 
WSAS 24.6 (9) 24.8 (8.2) 24.4 (9.7) t = .175, p = .86 
 
 
ARS-Q 14.9 (6.6) 13.8 (7) 15.8 (6.3) t = -1.12, p = .267 
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Table 2. This shows the mean frequency of participant’s negative and benign ‘best’ responses on the sentence completion task pre and 
post cognitive bias modification training. Abbreviations: M = Mean; SD = Standard Deviation; SMC = Standardised Mean Change; CBM-I = 
Cognitive Bias Modification for Interpretation biases.  
  
Experimental condition Control condition   
 
Sentence completion task 
('Best' completions) 
Pre CBM-I 
M (SD) 
Post CBM-I 
M (SD) 
SMC  
(95% CI) 
Pre CBM-I 
M (SD) 
Post CBM-I 
M (SD) 
SMC 
(95% CI) 
Total sample 
(N = 55) 
Negative interpretations 
5.47 
(2.65) 
4.05 
(2.72) 
-.66 
(-.37, -.95) 
5.73 
(2.68) 
4.74 
(2.59) 
 
 
-.42 
(-.15, -.7) 
 
Benign interpretations 
4.45 
(2.62) 
5.85 
(2.7) 
.66 
(.37, .95) 
4.2 
(2.7) 
4.94 
(2.53) 
 
.3 
(.04, .59) 
 
 
Inpatient  
women 
  
Negative interpretations 
4.69  
(2.59) 
3.23  
(2.64) 
-.56  
(-.15, -.98) 
4.46  
(2.5) 
4.23  
(2.32) 
-.09  
(-.3, .47) 
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(N = 26) 
 
Benign interpretations  
5.15  
(2.56) 
6.65 
 (2.61) 
.58  
(.16, 1) 
5.42 
(2.59) 
5.42  
(2.37) 
 .00  
(-.38, .38) 
      Community  
women  
 
(N = 29) 
Negative interpretations 
6.17  
(2.55) 
4.79  
(2.61) 
-.78  
(-.37, -1.2) 
6.86  
(2.33) 
5.21 
(2.77) 
-.85  
(-.43, -1.28) 
Benign interpretations  
3.83 
 (2.55) 
5.14  
(2.63) 
.78  
(.36, 1.19) 
3.1  
(2.33) 
4.52 
(2.63) 
.69 
(.28, 1.09) 
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Study outline 
 
 
 
 
 
 
 
 
 
 
 
 
 
CBM – I 
(Experimental/ control) 
Test meal 
 
 
Sentence completion task – 
Time two 
 
Sentence completion task – 
Time one 
 
 
 
 
 
Filler task 
VAS – Time one 
Saliva sample – Time one 
 
 
 
VAS – Time two 
Saliva sample – Time two 
 
VAS – Time three 
Saliva sample – Time three 
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Figure 1. This flow-chart shows an outline of the studies procedure. Abbreviations: CBM-I = Cognitive Bias Modification for Interpretation 
biases; VAS = Visual Analogue Scale.  
 
Highlights 
 
 A negative interpretation bias for social stimuli might underlie Anorexia Nervosa (AN). 
 
 Women with AN received a single session of Cognitive Bias Modification for Interpretation biases (CBM-I) or a control condition (a 
50% dose of training).  
 
 Both training conditions led to a significant reduction in a negative interpretation bias. 
 
 No effect on eating behaviour or stress was found, which may be expected as the training conditions did not significantly differ in 
interpretation bias change. 
 
 Multi-session training interventions may be required to clarify the effect of CBM-I on AN symptomatology.  
 
 
